INTRODUCTION
The presence of more than sixty polynuclear aromatic hydrocarbons (P AH) in tobacco smoke (1) is not unexpected since most, if not atl, organic compounds generate P AH on pyrolysis at high temperatures. Although sudt generation is universal, the types and yields of P AH from various organic compounds have been found to vary markedly, depending on the structure of the compound and other factors (2, ;), when the pure compounds were pyrolyzed experimentally. Although extrapolation of sudt data to the events occurring during burning of a cigarette may be tenuous, there is some evidence that extrapolations may be made under certain conditions (4, 5). At any rate, it appears valid to presume that some tobacco constituents may contribute disproportionately to the P AH content of cigarette smoke, and that pyrolytic experiments may be revealing in this regard. Among the tobacco leaf components implicated in P AH generation by past workers are the paraffins, sterols, isoprenoids and substances extractable from tobacco with n-hexane. Recently, Wynder and Hoffmann (6) have discussed published findings on the possible role of paraffinic hydrocarbons in PAH generation. V an Duuren (7) and Badger et al. (;) have presented and discussed data on the role of leaf sterols as possible PAH precursors. Wynder et al. (8) have investigated the pyrolytic products and tumorigenic properlies of n-hexane extracts of tobacco, whidt are known to contain a !arge variety of lyophilic substances, including paraffins, sterols, and terpenes (9, 10). Pyrolysis of tobacco isoprenoids has been studied less intensively, although Crossman et al. (11) have investigated the pyrolytic products of solanesol. Postulations of the possible contributions of the acyclic terpenes of tobacco to the cycloalkanes and PAH contents of smoke have appeared (12, 13, 14) and could be extended easily to the several cyclic terpenes of leaf (15) . One group of leaf constituents has received little attention as a possible source of disproportionate P AH contribution: the polyphenols. These compounds consist of simple constituents, sudt as flavonols and caffeic acid esters (16) , and of high molecular weight polyphenol complexes with or without amino acids and iron (17, 18, 19, 20) . Zane and Wender (21) have pyrolyzed rutin and dtlorogenic acid up to 6oo° C and isolated various low molecular weight oxygenated aromatic compounds, but no attempt was made to find P AH among the products. Likewise, no published studies have appeared on the pyrolytic products of the polyphenol-amino acid pigments. These compounds, whidt occur in tobacco in relatively !arge amounts (about 4 O/o of leaf weight in Turkish tobacco), appear to be a potentially important source of aromatic compounds, including polycyclics, in smoke. The presence of thermodynamically stable aromatic rings in rutin, dtlorogenic acid, phenylalanine, and related components make their potential contribution to P AH synthesis theoretically significant; also, the quinic acid moiety of dtlorogenic acid may be an important contributor since it has been recently shown to be a precursor of phenol on pyrolysis (22) . The present report describes the isolation and identification of several P AH among the pyrolytic products of the polyphenol-amino acid pigments of Turkish tobacco. Of secondary interest, some further information on the structure of these pigments is also presented. DISCUSSION :z:. Pyrolysis
The pyrolysis of the pigment was conducted at 850° C, the approximate burn temperature of a · cigarette. The more volatile products were condensed in Dry Iee-acetone traps and it was observed that most of the products were noncondensable gases. The condensate from the traps and the residue remaining in the pyrolysis dtamber were fractionated into acids, bases, and neutrals by acidic and alkaline extraction in the usual manner. A phenolic fraction was also isolated, though not examined. Separation of the neutral components was carried out according to the sdteme presented in Fig. : 1, and the P AH we're obtained in the nitromethane extract.
Methods of separation of P AH have been extensively reviewed (24) , and (24) , acetylated cellulose plates developed with ethanol-toluene-water (:17:4:4) proved to be the most effective system. The eluted zones were then separated by paper dtromatography using acetylated paper and several solvent systems. The above solvent appeared to give the best separations, but N,N-dimethylformamide (DMF)-water and DMF-saturated hexane were also of value (24) . With all solvent systems, Rf values were found to vary with different lots of paper and aging of solvent, the latter acquiring more polar properties whidt were-better suited for the separation of higher P AH. Identification of the unknown P AH was accomplished by comparison to the dtromatographic (Rf values and fluorescent color) and spectral (ultraviolet and fluorescence) dtaracteristics of authentic polynucl~ars in the usual manner. Tables of spectral data, taken from the Iiterature (25-3.2) were also consulted. In this manner, identities were assigned to the indicated PAH listed in Table : 1; in addition, tentative evidence was obtained for the presence of the other P AH ~ited therein. Characterization of these latter P AH was based mostly üpon fluorescence (SPF) (emission and excitation) spectra because of unavailability of authentic PAH or of sufficient isolated material for more detailed study. Of course, in some cases the SPF spectra do not exclude the possible presence of other compounds. Based upon dtromatographic data and the intensity of the SPF emission bands, it was concluded that the major P AH were anthracene, pyrene, fluoranthene, dtrysene, and benzo(a)pyrene. In addition to the PAH shown )in Table : 1, there were also many minor components that could not be identified. As a crude approximation it was estimated that the pyrolysis of the pigment had produced at least forty P AH. (1) as an index, the yield in the pyrolysis was determined and found to be relatively high: one gram of pigment yielded approximately 1.0---,~~ g. of BaP in the pyrolytic products. Although Iiterature values are variable, the condensate from the smoke of 30 g. of cigarette tobacco, whic:h contains about 1. g. of pigment, can be assumed to yield in the approximate range of 1.0-6 g. of BaP. Thus, on an equivalent basis, the pigment produces about a thousand times as muc:h BaP as found in cigarette smoke. This suggests that the pigments could contribute disproportionately to the P AH in cigarette smoke. To test this point, cigarettes containing sufficient added pigment to douole the amount naturally present in the tobacco were prepared and smoked. The smoke condensate was fractionated ·in the same manner as above. The BaP was separated from the other polynuclears as described in one analytical procedure employing thin-layer c:hromatography (23) but with several modifications whic:h greatly improved the method. The solvent system that was employed was methanol-toluene-water (7:1.:1.) instead of the pentane-ether solvent used in the original method. A second innovation was the use of long plates (23 X 58 cm) as compared to the stan:dard size (2o X 20 cm) usually employed in TLC separations. (One separation on the long plates appeared equivalent to at least two successive separations on standard plates.) Two successive TLC separations on long plates were usually sufficient to give a single, separate zone having the Rf value and fluorescence (violet-blue) of authentic BaP. The eluted spot was measured fluorometrically at 405 m~t using an excitation wavelength of 385 mft, and the concentration obtained from a standard curve in the usual manner.
A value of 0.42 ± 0.03 ftg of BaP per 25 cigarettes was obtained for the cigarettes with added pigment compared to 0.30 ± o.o3 ~g BaP per 25 cigarettes without added pigment. Thus, doubling the pigment content of cigarettes resulted in a 400/o (± 2oO/o) increase in the total BaP content of the smoke condensate. These ßndings show that these pigments of tobacco may contribute to the formation of BaP under actual smoking conditions and may be a significant source of the polynuclears. of tobacco smoke. ) it is apparent that a structural array of polymeric polyphenols with or without amino acids exists in tobacco. The pigments used in the present study more closely approximate those isolated by Wright et al. and ] acobson. Some further work has been done here on the properties of these pigments and, although of secondary interest to the main theme of this publication, these findings are summarized below.
The pigments were obtained from Turkish tobacco by extractior( ~ith aqueous alkali (pH 10) in higher yields (4 °/o of leaf weight) than those reported by others. Eiemental analyses showed the presence of C, H, N, S, and Fe. Hydrolyses under various conditions showed the presence of glucose, rhamnose, quercetin, caffeic acid, quinic acid, and twenty amino acids, including two not reported in the pigments studied by other workers (hydroxyproline and hydroxylysine). Ornithine was also detected, but is probably an artifact. (A special hydrolysis for tryptophane was not conducted.) Substantiations of the high molecular weight nature of the pigments were obtained by the pattem of elution from gel filtration columns. Ultracentrifugal analysis (UA) of fractions from the gel filtration of the ethanol-insoluble portion (about 6o 0 /o of the total extractable pigment) showed four ranges of molecular weights in the following amounts: 70fo of 1o,ooo-15,ooo; 6o 0 /o of 16,ooo-.2o,ooo;
. 24 Ofo of .2. 5,ooo-3o ,ooo; and 5 Ofo of > 30 ,ooo. The missing 4 Ofo is due to a low molecular weight fraction that was not analyzed. These subfractions varied from 7-.2.6°/o protein based on eiemental analyses for nitrogen. Attempts to determine quantitatively the rutin and chlorogenic acid contents of the pigment gave variable results. For rutin, determination of the rhamnose in acidic hydrolysates of both the alcoholsoluble and -insoluble fractions gave about o.8 moles rutin per 1300 g. pigment. Chiorogenie acid gave values of about 0.3 moles (alkaline hydrolysis and determination of quinic acid by reaction with thiobarbituric acid) per 1300 g. pigment. Determinations of the two polyphenols (ethanolsoluble fraction) by spectral (UV and SPF) measurement of the aluminum chloride complexes were difficult to evaluate due to spectral interferences, (especially with SPF) but indications of a 1:1 proportion of rutin and chlorogenic acid were obtained. Based on these data, some calculations can be made on possible proportions of the pigment moieties. For example, the ethanol-soluble portion of the pigment contains about .2.3°/o amino acid-like compounds, based on the nitrogen content (3.70fo). If the pigment contains a 1:1 proportion of rutin and chlorogenic acid (total molecular weight 970) representing 770fo of the pigment weight then the amino acids account for about .290 in molecular weight, giving a total of about 1300 for a "structu:ral unit". Using an average molecular weight for an amino acid of 1.20, then the proportions would be approximately 1 :1 :.2 rutin-chlorogenic acid-amino acids. Titration of the pigment showed three acidic hydrogens with an equivalent weight of about 440 (to pH 4·75), which correlates somewhat with the above data. Similar calculations on the ethanol-insoluble portion of the pigment gave a proportion of about 1 :1 :6 rutin-chlorogenic acid-amino acids with four aciQic hydrogens. Determinations of free hydroxyl and amino groups by acetylation gave values which correlated with the theoretical based on the above data. Attempts to obtain further information by methylation of the pigment were unsuccessful. lt should be emphasized that these data were obtalned on mixtures and represent mean values. METHODS
1.. Extraction of Tobacco Pigments
Turkish tobacco leaf (500 g., 50 mesh) was mixed with .2. Iiters of aqueous sodium hydroxide (10-4M) and the pH of the mixturewas adjusted to pH 10 with aqueous 1.0 M sodium hydroxide. n-Hexane (1 Iiter) was added to the mixture, which was stirred frequently over a period of one to two days. The hexane was decanted and the mixture was filtered on a Buchner funnel using Filter Aid. The residue was washed with aqueous sodium hydroxide (1o-4 M, 500 ml) and again stirred thoroughly with sodium hydroxide (1o-4 M, .2. Iiters) and filtered. The aqueous portions were combined and extracted with n-hexane and chloroform, successively. Fresh chloroform (500 ml) was added to the brown, aqueous solution. The solution was acidified to pH 1.0 with 6 M sulfuric acid with vigorous stirring and the pigments were observed to precipitate at about pH 4.8. The pigments were filtered and washed with chloroform. The filtrate was saturated with salt to yield additional pigments. The filtered pigment was purified twice by redissolving with 0.5 M sodium hydroxide, extracting with chloroform, and reprecipitating with acid, as above. The purified pigment was extracted with ethanol in vacuo in a Soxhlet for about 6 hrs. and the ethanol-insoluble fraction was used in the pyrolysis work.
.2. Pyrolysis Pyrolysis was carried out in a cylindrical cylinder (1 . .2 m X 10 cm) filled with quartz chips. The chamber temperature was determined with a chromel-alumel thermocouple, attached to a directreading temperature potentiometer. The chamber was preheated to 850° C and flushed with nitrogen. The pigment (10 g.) was pyrolyzed insmall portions (1.o-1.5 g.) . The sample was placed in a boat and rapidly pushed into the concentric tunnel of the chamoer. The entrance port was immediately sealed and the escaping vapors were condensed in a series of Dry !Ce-acetone traps. Before opening, the chamber was flushed with nitrogen. The charred residue was extracted with ether and the extracts combined with the ether washings of the traps.
3· FracHonaHon of Pyrolysate
The ether extract o~ the residue and condensate was washed successively with 5°/o hydrochloric acid in salt-saturated water and 5 °/o sodium hydroxide in salt-saturated water. To the ether layer were added 30 mf of cyclohexane, and the ether and volatiles removed by distillation (spinning band column) up to.8o° C. The cyclohexane solutionwas shaken with 90°/o methanol-water (30 ml) (34). The methanol-water solutionwas then extracted with cyclohexane (2. X 30 ml), and all cyclohexane solutions were combined. The pooled solution was reduced in volume to 30 m1 on a spinning band column. The concentrated solution was extracted with nitromethane (3 X 30 ml), and the nitromethanewas removed on an evaporator.
4· Column Chromatography
The residue of nitromethane-solubles was mixed with benzene (5 ml), hexane (10 ml), and silicic acid (2. g.) and taken to dryness on an evaporator. The residue was then chromatographed on silicic acid by a previously described method (2.3). The column was eluted with n-hexane (400 ml) followed successively by these solvents containing the indicated concentrations of benzene in n-hexane 
5· Thin Layer Chromatography
Several substrates and solvent systems were examined using resolution, streaking, intensity of fluorescence, and fluorescence color as the criteria of acceptability. The following adsorbent-solvent systems are listed in increasing order of preference: silica gel with pentane:ether (19:1); acetylated cellulose with N,N-dimethylformamide:water (1:1); and acetylated cellulose with ethanol:toluene: water (17:4:4). The 1ast system was used more extensively. Plates were usually prepared in a thickness of 0.35 mm and activated at 12.0° C for 1 hr. Standard plates (zo X 2.0 cm) were used initially and developed in 1-2. hrs. Later it was found that long plates (2.3 X 58 cm) gave superior separations and these were used in large glass jars which were lined with sheets of Whatman # 1 paper and preconditioned with solvent for 4-5 hrs. The plates were permitted to develop overnight. Fractions from the original silicic acid column having similar ultraviolet spectra were pooled and applied to the plates as streaks. Authentie benzo(a)pyrene (BaP) was spotted on the side as a reference. After development, the plates were air-dried, and the fluorescent color and positions of zones were marked. For narrow zones or micro separations on thin layers of cellulose (1oo !L thickness), removal of adsorbent was best accomplished by means of the following technique: the narrow end of a disposable pipette was plugged with cotton and inserted into a vacuum line. The other end was attached with rubber tubing to a short glass tip cut from the constricted end of another pipette. The tip was scraped along the plate, while the vacuum sucked the adsorbent into the cotton-plugged pipette. The pipette was then inverted into a test tube, the tip was removed, the P AH were eluted with methanol and the solution was filtered through the cotton. For macro separations, the cellulose was scraped off with a spatula and removed by centrifugation.
Paper Chromatography
Polynuclears were separated on acetylated paper (54 X 57 cm), using the solvent system, ethanoltoluene-water (17:4 :4), by the ascending method. The chromatograms were developed (18-zo hrs.) and BaP was used as a reference. Fluorescent colors and band positions were determined as above, and the bands were cut out and eluted with methanol. Ultravialet spectra were taken in methanol or cyclohexane, and fluorescence spectra were determiried in cyclohexane, which gave better definition ofpeaks.
7·-Cigarettes with Added Pigment
Cigarettes were prepared containing 0.90 g. of a typical American blend of tobaccos with or without o.o4 g. of added pigment. Control and test cigarettes (25 each) were smoked mechanically (Phipps and Bird machine) using a 35 ml puff volume of 2 sec. duration once a nrln. to a butt length of 20 mm. The condensate was trapped on Cambridge filters and was fractionated as discussed above. The nitromethane-solubles were placed on an activated silicic acid column (50 g.) and eluted with n-hexane (2oo ml) followed successively by :1 Ofo benzene, 50fo benzene, and :10°/o benzene in hexane (400 ml each). The BaP was concentrated mostly in the 5°/o benzene eluate; however, the :1, 5, and :1o0fo benzene eluates were combined and evaporated to dryness. The residue was subjected to TIC on long plates containing acetylated cellulose as the substrate and methanol-toluene-water (7::1 ::1) as the solvent. The samples were applied as a streak, w:i.th a spot of BaP on the side as reference. After development, the plates were dried in air. The zone corresponding to. known BaP was scraped off into a centrifuge tube and extracted with methanol (3 X :10 ml) after which the solution was centrifuged. The solution was rechromatographed to give a single discrete zone, the Rf. value and ßuorescent color (violet-blue) of which matched that of authentic BaP. The zone was extracted and its emission ßuorescence spectrum determined in cyclo-hexane as above. Pure sublimed BaP was used to prepare a standard curve of concentration versus emission intensity.
Pigment Structure
Eiemental analysis showed the presence of C, H, N, S, and Fe. Iron was determined by the a,a'-dipyridyl method (35). The pigments were separated by an in vacuo Soxhlet extraction into an ethanol-soluble (I) and ethanol-insoluble fraction (II), with fraction (II) comprising about 6o Ofo of the total. Both fractions were subjected to acid hydrolysis with simUar results. Hydrolyses in aqueous :1N sulfuric acid liberated some quercetin. Hydrolysis with 6N hydrochloric add gave caffeic acid, quinic acid, and a series of amino acids. Separations and identifications of products were made by published methods (:17), using ascending paper chromatography, with n-butanol-acetic acid-water (:12:3:5) as the solvent. Ornithine, hydroxyproline and hydroxylysine were identified in addition to the amino acids found (:17) by other workers in simUar pigmentmaterial with the exception of tryptophane, for which a special hydrolysis is needed but was not conducted. Hydrolysis in ethanol-sulfuric acid (36) liberated glucose and rhamnose. The total sugars were determined by the usual gravimetric copper sulfate method and also by the more accurate arseno-molybdate color reagent (37). Glucose was determined colorimetrically by the specific, enzymatic "Glucostatn"' reagent. A 24-hour reßux of fractions I or II in o.6 N aqueous potassium hydroxide liberated quinic acid. The reaction mixture was extracted, acidified, and again extracted with ether. The aqueous solution was clarified by charcoal and analyzed for quinic acid by the thiobarbituric acid method (38) . The absorbance of the colo:J:"ed product in isoamyl alcohol was measured at 549 m!J. and the concentration of the quinic acid was obtained from a standard curve. Repeated methylation of the pigment with dimethyl sulfoxide, barium oxide, and methyl iodide followed by subsequent hydroiysis faUed to yield any identifiable products. The ethanol-soluble pigment was examined for its rutin and chlorogenic acid content by complex formation with aluminium chloride. Methanolic s~lutions of pigment or authentic samples of rutin and chlorogenic acid were prepared, and mixed with a :1 Ofo anhydrous aluminium chloride solution in methanol to achieve tomplexing. After 30 nrlnutes, the absorbances were recorded for the rutin complex at 436 m!J. and for the chlorogenic acid complex at 360 mJ.L. Rutin was also determined spectrophotoßuorimetrically (SPF) by measuring the emission intensity of the comple~ at 5:10 mJ.L, when excited at 425 mJ.L. Chiorogenie acid could not be deternrlned accurately in th.i.s way due to the spectral interference of rutin. The chlorogenic acid complex emits at 490 mJ.L, on excitation at 390 m!J.. The pigments were acetylated by refluxing with acetic anhydride, then neutralizing with standard aqueous sodium hydroxide and back titrating with standard acid. The chloroform-soluble acetylation products were examined by infrared and ultraviolet spectral methods. The above analytical procedures were also applied to some subfractions of fractions (I) and (II) separated by gel filtration on Sephadex 25 and :r.oo. This was amieved by passing aqueous solutions of the pigment carefully adjusted to pH 5·5 through Sephadex (3m X 2.5 cm columns) whim was previously conditioned at pH 5·5· ·
SUMMARY
The complex polyphenolic pigments of Turkish tobacco have been pyrolyzed to determine their possible contribution to the formation of aromatic compounds, especially polynuclear aromatic hydrocarbons (P AH), of smoke. The dark brown pigments were initially obtained by a basic aqueous extraction of tobacco. Various hydrolytic procedures showed the presence of rutin, mlorogenic acid, and a series of amino acids ;· some information on the structure of these pigments is presented. The pyrolysis of the pigments was carried out at 850° C and the products were fractionated to reveal the presence of more than a dozen P AH. Addition of pigments to cigarettes gave an increase in the Ievel of benzo(a)pyrene in the smoke. The possible role of the polyphenolic pigments as a source of P AH in smoke is discussed. 
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